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Abstract: Background: Fabry disease cardiomyopathy (FDCM) has manifested some resistance to enzyme replace-
ment therapy (ERT), particularly in its advanced phase. Recently myocardial inflammation of autoimmune origin has
been demonstrated in FDCM. Aims: Aim of the study is the assessment of circulating anti-globotriaosylceramide (GB3)
antibody as a biomarker of myocardial inflammation in FDCM, defined by the additional presence of > CD3+ 7 T
lymphocytes/ low power field associated to focal necrosis of adjacent myocytes. Its sensitivity was based on the
evidence of overlapping myocarditis at left ventricular endomyocardial biopsy.Methods and Results: From January
1996 to December 2021, 85 patients received the histological diagnosis of FDCM in our Department and 48 (56.5%) of
them had an overlapping myocardial inflammation with negative PCR for the common cardiotropic viruses, positive
anti-heart and anti-myosin abs. The presence of anti-GB3 antibodies was evaluated with an Elisa assay (BioGeM scarl
Medical Investigational Research, MIR - Ariano Irpino, Italy) in the FDCM patients and compared with controls of
healthy individuals. Circulating levels of anti-GB3 autoantibodies were compared with the presence or absence of
myocardial inflammation at histology and with the severity of FDCM. The assay results showed that 42 out of 48
FDCM subjects with myocarditis were positive for anti-Gb3 antibodies while 30 out of 37 FDCM patients without
myocarditis had negative anti-GB3 antibodies, with a sensitivity of 83.8% and a specificity of 87.5%.Conclusions: The
present study suggests a potential positive role of antiGB3 antibodies as a marker of overlapping cardiac inflammation
in patients with FDCM.
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1. Introduction

Fabry disease is an X-linked inborn error of glycosphingolipid catabolism caused by mutations in the a-galacto-
sidase A gene encoding the lysosomal hydrolase, alpha-galactosidase A (a-Gal A) [1,2]. The marked deficiency or ab-
sence of a-Gal A activity results in systemic accumulation of globotriaosylceramide (GB3) and related glycosphin-
golipids within the lysosomes, particularly in microvascular endothelial cells, vascular smooth muscle cells, renal tub-
ular cells, podocytes, and cardiomyocytes [3].

Fabry disease cardiomyopathy (FDCM) is a major determinant of patients’ survival and its management actually
represents a main therapeutic challenge. Indeed, the impact of enzyme replacement therapy (ERT) on FDCM is still
controversial and while there is agreement that early ERT administration, particularly in the pre-hypertrophic phase,
prevents progression of the disease, the advanced form is believed to be irreversible [4,5].

Mechanisms of resistance to ERT are, however, still unclear.

In Fabry disease, as in other lysosomal storage disorders, substrate deposits in lysosomes fuel multiple pathogenic
cascades that ultimately lead to an inflammatory response [6]. This may be a causative factor in progression of the
underlying lysosomal disorder despite initiation of ERT and may be one possible explanation for the clinical failure of
therapy. Recently our group demonstrated that an immune-mediated myocarditis can be histologically recognized in
56% of patients with Fabry disease cardiomyopathy and its incidence correlated with disease severity [7].

Further studies showed that inflammatory and cardiac remodeling biomarkers are elevated in sera of patients
with Fabry disease and positively correlated with Mainz Severity Score Index scores, left ventricular hypertrophy, late
gadolinium enhancement at cardiac magnetic resonance, and renal dysfunction [8]. From a pathogenic point of view,
GB3 and its metabolites (as for example lysoGB3) bind to toll-like receptor 4, activating nuclear factor kB and T
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lymphocytes with subsequent production of proinflammatory cytokines, leading to a chronic inflammatory state and
associated vasculopathy [9].

However, both TNF and IL-6 plasma levels are nonspecific markers that resulted to be elevated in several condi-
tions of chronic heart failure, and correlate with a decreasing functional status as well as with all causes mortality [10].
These observations forward the need of a sensitive and specific circulating biomarker of myocardial inflammation in
order to halt, through administration of low dose immunosuppression, its deleterious effect on disease progression and
ERT resistance and improve FDCM treatment. This aim appears even more important if we believe that other organs
like kidney, brain, nerves and vessels may be involved in the same pathway and theoretically benefit from the same
solutions.

2. Materials and Methods

2.1. Methods

Patient Population

We enrolled all the patients with biopsy-proven and genetical diagnosis of FDCM in the study. Circulating levels
of anti-GB3 autoantibodies were compared between patients with the histological presence (Group A) or absence (group
B) of myocardial inflammation (negative PCR for the cardiotropic viruses and positive anti-heart and anti-myosin abs).

The study complies with the Declaration of Helsinki; the locally appointed ethics committee approved the research
protocol and informed consent was obtained from all subjects.

ELISA Test for Circulating anti-Gb3 Antibodies

To test the hypothesis that the presence of circulating anti GB3 autoantibodies could be a marker of myocardial
inflammation in Fabry disease, we developed an assay with a classical indirect ELISA format in our laboratory with the
support of BioGeM scarl (Ariano Irpino - AV, Italy, Medical Investigational Research, MIR). The assay used Function-
Spacer-Lipid (FSL) - GB3 (GB3 conjugated with the FSL group) absorbed on the Meso Scale Discovery (MSD) plate. To
this goal a commercially available FSL-GB3 construct, containing the functional component F (the trisaccharide
Gala4Galp4Glcp), fused through the spacer (S, O(CH2)3NH spacer SA1), to an activated adipate derivative of dioleoyl-
phosphatidyl- ethanolamine (L), was used.

The coating of MSD plates with FSL-GB3 was evaluated by using the commercially available rat anti GB3/CD77
monoclonal IgM together with an HRP conjugated anti-Rat IgM secondary.

In order to verify the suitability of the assay for the analysis of human anti-GB3, N=85 human sera from patients
with FDCM were used in the assay in combination with a secondary anti-human Pan Ig antibody. A pool of sera col-
lected from healthy individuals was used as “negative controls”; the others were considered instead as “unknown sam-
ples”. The stability of coated plates for one month, and the intra- and inter-assay coefficient of variations were deter-
mined as well. FSL-Gb3 Coating: Different tests were performed in order to determine the appropriate amount of
FSLGBS3 to be used in the assay, the coating temperature and timing, the coating buffer, and the plates to be used.

These preliminary experiments were conducted using the commercially available Rat anti-CD77 monoclonal anti-
body as primary Ab. The conditions were considered as adequate when the curve generated by plotting OD492 values
versus Ab dilutions, the absorbance values generated by the two-fold dilution series showed a r2>0,90 (4-PL r2=0,993).
Serial dilutions of samples (1:10-1:100) were tested using plates coated with FSL-Gb3 as identified in initial experiments.
Secondary anti-human Pan-Ig was tested at different concentration and the one showing the lowest background was
used for the assays. A common method to define a cut-off for discriminating positive samples from the negative ones,
is calculated by applying the following formula: cut-off = mean + 3 x standard deviation. In order to increase the strin-
gency, we arbitrarily decided to increase the cut-off by adding 5 x standard deviation. This method for cut off calculation
may work as a pilot exercise in determining cut-off score but a larger cohort of samples should be employed for deter-
mining the upper- and lower limit for either negative (healthy) or positive (diseased) subjects.

ELISA Test for Anti-myosin and Gb3 Antibodies

Patient sera were screened for the presence of Gb3 and myosin antibodies, detected by a human myosin and Gb3
ELISA kit. As controls, we used a pool of normal sera from participants matched with patients for age and sex. Standards
and undiluted samples were added to the micro-ELISA plate wells and combined with the specific antibody. The optical
density proportional to the concentration of human myosin was measured spectrophotometrically at a wavelength of
450 nm2 nm. The detection range of the ELISA kit is 1.56 to 100 ng/mL. The concentration in the samples was calculated
comparing the optical density of the samples with the standard curve using the software interface GraphExpert
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Professional 1.4.0 (Hyams Development) and expressed as ng/mL. Positivity of serum abs for Gb3 was correlated with
over-imposition of myocarditis in our patient population of 85 patients with FDCM which diagnosis was obtained with
assessment of pathogenic GLA gene mutations and detection of Gb3 accumulation at histology, immunohistochemistry
and ultrastructural examination of left ventricular endomyocardial biopsies (Figure 1).

2.2. Molecular Study

Definition of virus-negative, immune-mediated, overlapping myocarditis followed the presence at histology of >7
CD3+ T lymphocytes per low microscopic field associated with focal necrosis of the adjacent myocytes (Figure 1, panel
A and B). Negative PCR on two frozen endomyocardial samples for the most common cardiotropic viral genomes in-
cluding Adenovirus, Epstein Barr Virus, Herpes virus, Parvovirus B19, Cytomegalovirus, Enterovirus, Influenza A/B.
Serologic positivity for anti-heart and anti-myosin abs.

2.3. Statistical Analysis

Normal distribution of all continuous variables was checked by visual methods (Q-Q plot and histogram) and by
significance test (Kolmogorov-Smirnov normality test and Shapiro-Wilk’s test). For continuous variables, descriptive
statistics were provided (number of available observations, mean, standard deviation), while the median (interquartile
range) was used for non-normal data. Categorical data were described as a number (percentage). Baseline demographic
and clinical characteristics will be presented in table format. Student’s t-test, the x2 test, and the Fisher exact test were
used for comparisons; difference between variables without normal distribution will be tested with the Mann-Whitney
U test. For all tests, a P value less than .05 will be considered statistically significant. The receiver-operating character-
istics (ROC) curve was used to describe the performance and predictive accuracy of circulating anti-GB3 antibody as
biomarker of myocardial inflammation in FDCM. The sensitivity, specificity, and area under the curve (AUC) were
calculated, and the cut-off value was determined by the Youden index. All statistical analyses were performed using R
statistical analysis software.

3. Results

From January 1996 to December 2021, we enrolled eighty-five patients with histological diagnosis of FDCM; forty-
eight (56.5%) of them had an overlapping myocardial inflammation with negative PCR for the common cardiotropic
viruses (Group A). Demographic, clinical, and instrumental characteristics of the two Groups are reported in Table 1.
Overall, no significant difference was reported between the two Groups.

Circulating anti-Gb3 Antibodies

The normalized values of the circulating anti-Gb3 antibodies assays were performed twice on twelve controls; the
values were summarized in the Figure 2. As previously described, the calculated cut-off was 2.56.

The assay results showed that 42 out of 48 FDCM patients with myocarditis were positive for anti-Gb3 antibodies
while 30 FDCM patients on 37 without myocarditis had negative anti GB3 antibodies. The value of the circulating anti-
Gb3 antibodies in the Group A was significantly higher than in Group B [15.85 (IQR: 11.4 —22.8) vs 1.9 (IQR: 1.7 — 2.4);
p-value: 0.001]. According to the ROC analysis, the optimal cut-off value of circulating anti- GB3 antibody in FDCM
patients for predicting myocardial inflammation was >7.5, with a sensitivity of 83.8% and a specificity of 87.5% (AUC
was 0.898, 95% confidence interval 0.854-0.942; Figure 3).

All patients with overlapping myocarditis at histology were positive for serologic assessment of anti-heart abs (see
Figure 1, panel D).


https://doi.org/10.20944/preprints202304.0535.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 April 2023 d0i:10.20944/preprints202304.0535.v1

Figure 1. Histology (A), Immunohistochemistry (B) and electronmicroscopy (C) of left ventricular endomyocardial biopsy
from a patient with FDCM and overlapping immune-mediated myocarditis. Panel D shows a positive immuno-fluores-
cence for anti-heart abs. Large cytoplasmic vacuoles into cardiomyocytes (A-B) consist at ultrastructural examination of
myelin bodies (C) confirming the diagnosis of FDCM. Myocytes are surrounded by inflammatory infiltrates mainly rep-
resented by CD3+ T lymphocytes (B) associated to focal necrosis of adjacent cells.
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Average of OD 482nm Values Normalized on #Ctri_Ave
Sample ID Test1 Test2 Test 1 Test2 Average SD
#1 407 54 458.20 3.82 282 322 0.57
#2 418,54 375.04 298 238 267 0.41
#3 24154 179.70 142 137 1.40 0.04
= 260,04 207.04 1684 153 1,58 0,08
25 431254 350.79 284 245 265 0.28
=5 553,79 402.70 3.89 3.14 3.52 0.53
= 807,79 483.04 3.68 345 355 0.15
=5 583,20 360.20 292 337 3.14 032
s 777,79 573.20 4,53 441 447 0,08
#10 768,04 520.04 4,18 428 427 0,12
#11 816,04 608.04 481 463 4.72 0,12
#12 685,04 534.54 422 3.80 4,06 0.24
#Cirl_Ave 176,20 126.54 1,00 1.00 1,00 0,00
#Cirl a 23479 163,54 1,20 1.23 131 0,03
#Crl b 117,79 80.54 0.71 0.67 0.69 0,03

Cut-Off 2.56

Nomalkized Values
(73]

I N
&

Figure 2. Representative results of N=2 tests performed with sera diluted 1:50 (2h at room temperature) and secondary
antibodies (1:2000 1 h at room temperature). Each sample has been analyzed in duplicate.
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Figure 3. The receiver-operating characteristics curve for describing the performance and predictive accuracy of circulat-
ing anti-GB3 antibody as a biomarker of myocardial inflammation in patients with Fabry Disease.
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Table 1. Baseline clinical, electrocardiographic and echocardiographic characteristics of the two Groups. eGFR: Estimated
Glomerular Filtration Rate; LVEF: Left Ventricular Ejection Fraction.

Age, yrs 476 £ 12.7 489+ 125 0.63
Male, n (%) 25 (52.1) 20 (54.1) 0.67
Hypertension, n (%) 6 (12.5) 7 (18.9) 0.55
Heart Failure, n (%) 4(8.3) 5 (13.5) 0.49
Atrial Arrhythmia, n (%) 5 (10.4) 2 (5.4) 0.56
Left ventricular mass index (g/m?) 97.3+4.8 94.4+57 0.34
LVEF, % 52.1+4.6 55.4£5.7 0.28
Kidney Disease, n (%) 3(6.3) 2 (5.4) 1
eGFR 84.6 £ 24.6 89.4+21.3 0.48
Non-cardiac symptoms, n (%) 17 (35.4) 15 (40.5) 0.66

4. Discussion

There is growing evidence that myocardial inflammation can be a cause of progression of Fabry disease cardiomy-
opathy as well as an unnoticed mechanism of disease resistance to ERT. Indeed, myocardial inflammation promotes
cell dysfunction and death causing expansion of interstitial space through oedema, inflammatory cells infiltration and
myocardial fibrosis, that result in both ventricular diastolic and systolic dysfunction.

With regard to the origin of myocardial inflammation associated to Fabry disease cardiomyopathy, the absence of
viral genomes in the myocardium and the strong positivity of anti-heart and antimyosin antibodies described, suggest
myocardial inflammation to have an autoimmune/dys-reactive origin [7]. To this regard GB3, the major component of
Fabry disease storage material, is constantly released by the engulfed cardiomyocytes along a constitutional secretory
pathway or as a result of cell necrosis. GB3 is recognized as a powerful immunogenic molecule that may promote and
perpetuate an inflammatory autoimmune disorder. Indeed, a pro-oxidative and pro-inflammatory state that correlates
with elevated GB3 levels urinary has been described [11,12].

The main objective of the present study was the identification of a reliable biomarker of myocardial inflammation
over imposing in human FDCM. Indeed, comparing serologic positivity of anti-Gb3 abs with presence at histology of
left ventricular endomyocardial biopsies, presence of inflammation by serology was confirmed with a sensitivity of 83.8
% and a specificity of 87.5%. Identification of a sensitive and specific circulating biomarker of cardiac inflammation in
patients with FDCM resistant to ERT administration could allow the introduction of immunosuppressive therapy that
may halt the progression of the cardiomyopathy and improve the efficacy of ERT. A better understanding of the auto-
immune/inflammatory activation in Fabry disease and its role in the disease morbidity and mortality will change the
therapeutic approach to the disease allowing to identify patients with high autoimmune/inflammatory burden who will
benefit in addition to ERT of an immunosuppressive treatment. Positive results of a wider HDCM population are, how-
ever, necessary for implementation of ERT with immunosuppressive therapy.

5. Conclusions

In conclusion, serologic positivity of anti-Gb3 abs represent a reliable biomarker of myocardial inflammation in
FDCM. It may suggest ERT implementation with immune-suppressive therapy to enhance ERT impact and improve
patient’s outcome, particularly in those patients with progressive impairment of cardiac function and/or occurrence of
complex/life-threatening cardiac arrhythmias. Further perspective double blind clinical studies are, however, necessary
for inclusion of immune-suppression in the therapeutic regimen of progressive FDCM with inflammation.
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